We compared results by a dual-precipitation method (J Lipid Res 1982 ;23:1206-23) for measuring high-density lipoprotein 3 (HDL3) cholesterol with those by ultracentrifugation at d 1.125, using 56 fresh and 105 frozen-stored serum samples. For both methods, HDL2-cholesterol was calculated as the difference between total HDL-cholesterol and HDL3-cholesterol. In general, for pooled serum samples, agreement was closest with ultracentrifugation when we used a dextran sulfate concentration of 5.0 mg/L to precipitate the HDL2-rich fraction, although the optimal concentration varied from 3.0 to 6.8 mg/L for different pools. For indMdual samples, the values for HDL3 by dual precipitation averaged 12.8% lower than by ultracentrifugation. The coefficients of correlation between the two methods were HDL3, r = 0.70; and HDL2, r = 0.92. The dual-precipitation method reflected the expected sex-related differences in HDL2-cholesterol concentration and inverse relationship with triglyceride concentration.
cholesterol can be measured, HDL must first be isolated from other plasma lipoproteins and HDLZ separated from HDL3. The latter separation is most reliably accomplished by ultracentrifugation at a density of 1.125 kgfL, at which density HDL2 (d 1.063-1.125) accumulates as a floating layer and HDL3 (d 1.125-1.21) sediments. Ultracentrifugation is too cumbersome for most purposes, however, and several methods have appeared within the past few years by which HDL2 and HDL3 can be measured by precipitation with polyanions (4-6). In these methods apolipoprotein B (apoB)-containing lipoproteins are first removed by precipitation with a polyanion divalent cation mixture, and total HDL-cholesterol is measured in the supernatant fluid. A separate aliquot of the supernate is treated with a second polyanion precipitant, which precipitates HDL2 selectively, and HDL3-cholesterol is then measured in the second supernate. HDL2-cholesterol is calculated as the difference between total HDL-cholesterol and HDL3-cholesterol.
In one of these methods, the apoB-containing lipoproteins are precipitated with heparin sulfate and MnC12, and
HDL2
is then precipitated with dextran sulfate (4). In another method, the apoB-containing lipoproteins are reLipid Research-Atherosclerosis Unit, Department of Pediatrics, The Johns Hopkins University, School of Medicine, Baltimore, MD 21205.
Received January 26, 1989; accepted April 7, 1989 . moved with dextran sulfate and MgCl2, and a higher concentration of dextran sulfate is used to precipitate HDL2 (5). Still another method is based on the use of polyethylene glycol (6) . None of these methods precipitates HDL2 specifically, but results from all reportedly agree reasonably well with those by ultracentrifugation methods.
We have compared one of the dual-precipitation methods (4) with ultracentrifugation, and we also examined a modification by which apoB-containing lipoproteins and HDL2
are precipitated in a single step. There was a relatively high correlation for HDL2 between the dual-precipitation and ultracentrifugation methods and a negative bias of about 13% for HDL3.
Materials and Methods
Samples. We used both fresh and frozen-stored serum samples for this study. The fresh specimens consisted of blood from 28 male and 28 female patients of our Lipid Referral Clinic, collected during their regularly scheduled visits after 12 h of fasting. After the blood clotted (room temperature, 45 mm), we transferred the serum to storage vials, which we sealed and stored at 4#{176}C until analysis.
The frozen specimens consisted of 105 samples that had been drawn from fasting or nonfasting subjects and stored for several days at -20 #{176}C, then packed on solid CO2 and shipped to the laboratory, where they were stored at -70 #{176}C for about two weeks until analysis.
Cholesterol and (c) a modification of this procedure, in which we added the precipitants simultaneously (8) .
Ultracentrifugation. We treated a 5-mL aliquot of serum with heparmn and MnCl2 as described above. After sedimenting the precipitate (30 mm, 1500 x g), we adjusted the density of a 5-mL aliquot of the HDL-contaimng supernate to 1.125 kg/L with NaCl and KBr, then centrifuged the sample at 105 000 x g for 40 hat 10 #{176}C. HDL2 accumulated as a floating layer; HDL3 remained in the infranatant layer. We quantitatively measured the cholesterol content of the infranate.
Dual precipitation. We prepared the HDL3-containing fraction as described by Gidez et a!. We applied the ultracentrifugation method to aliquots of each of the fresh serum samples. Only the two dualprecipitation procedures were used with individual frozen serum specimens, because we did not have enough of them for ultracentrifugation.
In preliminary experiments intended to establish the optimal dextran sulfate concentration, we applied both the ultracentrifugation and dualprecipitation methods to frozen serum specimens, which we had pooled to provide a sufficient volume of sample for the experiments.
Results
We determined the optimal dextran sulfate concentration by measuring the HDL3-cholesterol concentration in heparmn-MnC12 supernates treated with various concentrations of dextran sulfate. We prepared six serum pools by mixing approximately equal volumes of the frozen-stored serum from normolipidemic individuals, treated aliquots of the heparin-MnCl2 supernate from each pool with dextran sulfate (final concentration, 0.10 to 1.00 g/L), and measured the cholesterol concentration in the dextran sulfate supernate. Aliquots of the heparin-MnCl2 supernates of each pool were also subjected to preparative ultracentrifugation at d 1.125, and we measured the HDL3-cholesterol concentration in the ultracentrifugal infranate. Table 1 shows the results.
The cholesterol concentrations in the dextran sulfate supernate decreased rapidly as the dextran sulfate concentration was increased to 0.25 g/L, then decreased more slowly. Table 1 We first compared the cholesterol concentrations of HDL3 supernates prepared by sequential precipitation (4) and by a variation in which all the reagents were added at the same time, using 105 frozen-stored specimens analyzed over a three-month period. We measured cholesterol in paired HDL3 fractions at the same time to eliminate run-to-run variation in the cholesterol measurements themselves We next compared the simultaneous precipitation procedure with preparative ultracentrifugation in 56 fresh serum samples analyzed over a three-month period ( Table 2) It is known that the dual-precipitation method does not specifically precipitate HDL2 (8, 10) . The method does provide an estimate of HDL2-and HDL3-cholesterol concentrations, and reflects the expected variations in HDL2 concentration with sex, race, and triglyceride concentration (4, 8, 12) . It can be simplified by adding heparin, MnC12, and dextran sulfate to the specimen at the same time. The method seems best suited for use in large-scale studies, but the optimal dextran sulfate concentration must be determined for each lot of reagent and should be deter-mined in the same kind of specimens to which the method will be applied.
